Tang, T. Y.; and Weingartner, T. J., "Velocity and Temperature Observations during the Seasonal
INTRODUCTION
The Seasonal Response of the Equatorial Atlantic (SEQUAL) experiment and the Programme Franqais Ocean et Climat dans l'Atlantique Equatorial (FOCAL) were designed to provide a basinwide and synoptic set of measurements for studying the annual variations in the upper ocean currents and temperature of this region. The present paper describes the data collected on the equator at 28øW using surface moored current meters. This location provided continuous time series from February 1983 to October 1985. Sections 2 and 3 will present the data and discuss the evolution of the annual variations in the velocity components and temperature over the upper 200 m which includes the surface South Equatorial Current (SEC) and the subsurface Equatorial Undercurrent (EUC) embedded within the thermocline. Three replicates of the thermocline's evolution through its annual cycle are shown. These differ individually from climatology in transition from weak to strong (and conversely) wind seasons owing to the rapidly varying nature of the wind stress. While the vertical position of the EUC changes with the thermocline and hence undergoes a distinctive annual cycle, variations in transport do not, and the speed at the core remains relatively steady throughout the year. Westward flow at the surface was intermittent and rarely penetrated to 50-m depth. When the SEC did establish upon onset of increased easterly wind stress it only remained as such for 2-3 months even though strong easterlies persisted much longer. During 1983, when the easterlies were the strongest of the 3 years sampled, the SEC directly on the equator was the weakest. The north component of velocity was zero in the mean and exhibited short duration wave packets centered upon a 25-day period and modulated on an annual cycle. Section 4 gives an empirical orthogonal function analysis over the upper 200 m. The east component of velocity has a more complicated vertical structure than does either the north component or temperature, with much of the transport variability due to the near-surface current fluctuations. Section 5 is a preliminary look at higherfrequency variability averaged over the full record. Section 6 Copyright 1987 by the American Geophysical Union.
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0148-0227/87/007C-0177505.00 discusses the EUC relative to previous findings, and section 7 provides a summary.
MEASUREMENTS
The data were collected using vector-averaging current meters (VACMs) manufactured by EG&G Sea Links Systems, Inc., suspended from taut wire surface moorings. Halpern [1987] describes the mooring system as used in an equatorial Pacific Ocean application under similar conditions and gives results from a current meter intercomparison study between VACMs and vector-measuring current meters (VMCMs, also manufactured by EG&G Sea Links Systems, Inc.) shackled together at 1-m separations at 15 m, 100 m, 120 m, and 160 m. Because the VMCM's sensors are more responsive to highfrequency water motions, it is considered to be more accurate than a VACM [-Weller and Davis, 1980] . Qualitatively, results from the two instruments were indistinguishable. Excellent coherence was found between each VACM-VMCM doublet's data. Quantitatively, the 6-month mean speeds recorded by the VACMs were 5%-12% higher than those of the VMCMs, with the largest difference occurring at 15-m depth. At and below 100 m, the rms amplitude difference within a decadal frequency range was less than 1 cm/s, and a kinetic energy mismatch at the 95% confidence interval was limited to fre- [Halpern et al., 1981] . Table 1 lists the launch and recovery information for the five successive deployments that comprised a total sampling duration of 2.7 years. The individual deployment sites were all within 5 km of the mean position at 00ø03'N, 28ø10'W with a water depth of 4120 m. The instruments were deployed at depths ranging from 10 m to 300 m, with a sampling interval of 15 minutes. After editing, the vector-averaged north and east velocity components and temperature were further averaged to hourly values with a start time of 1900 UT on *Mooring adrift for 1 day prior to recovery.
•-Electronic failure, November 3, 1984.
• Hourly averaged north and east velocity components and temperature time series are shown in Figure 1 . Low-frequency oscillations (several-day and longer time scales) with distinct horizontal anisotropy and vertical inhomogeneity generally characterize these data. Measurable tidal and higher frequency oscillations are also present. Figure 2 and Table 2 give the mean values, the root-mean-squared (rms) deviations about these means, and the 90% confidence intervals for the mean value estimates. The confidence intervals are based upon a Student's t distribution for the sample mean of a Gaussian distributed random variable with unknown variance. The variance of the mean estimate was obtained from the spectral estimate at zero frequency as described by Papoulis [1965] and as employed for example by Weisberg and Horigan [1981] . This procedure is meaningful as long as the spectrum of the time dependent variations levels off or preferably decreases at the low-frequency end (see Figure 3) ; i.e., the longest time scales of variability are reasonably well sampled, since it is this portion of the spectrum that causes the sample mean to . During these periods, peaks are observed in both vertically integrated heat content and EUC transport' however, there is nothing outstanding about these peaks' they are not statistically coherent, and had there not been a reason to single them out, i.e., known wind events, they would have no grounds for mention. It is surprising that while these events do have replicating signatures in the vertical integrals, the major seasonal transitions in easterly wind stress do not. For example, the period May-June 1983 after the winds intensified shows a relative transport maximum, while the same period in 1984 shows a relative minimum. Similar differences between these 2 years are observed following the wintertime wind stress relaxations.
EMPIRICAL ORTHOGONAL FUNCTION ANALYSES
To investigate the vertical structure of the low-frequency velocity component and temperature fluctuations and how they integrate to give volume transport and heat content, respectively, the low pass-filtered time series of section 3 were analyzed using time domain empirical orthogonal functions ( Table 3 lists the variance in each of the first three EOF modes for the velocity components and temperature and the percentages of total variance that they account for. Figure 7 shows the corresponding eigenvectors and Figure 8 shows the corresponding modal projection time series. In terms of variance distribution amongst modes, the vertical structure of the temperature time series appears to be simpler than that for the velocity components, with 77% of the variance in the first mode for temperature compared with 53% of the variance in the first mode for either the east or the north components. From the temperature eigenvectors it is observed that the first mode has a maximum within the thermocline, and its modal projection time series resembles the isotherm behavior within the thermocline and the vertically integrated heat content. The How well do the EOFs represent the vertically integrated heat content and volume transport? Figure 9 shows the vertical integrals for temperature and the velocity components calculated directly from the low pass-filtered data and from sums over the EOF modes. Four time series are given for each component: the data, the means plus the first mode, the means plus the first two modes, and the means plus the first three modes. For both temperature and the north component, the mean plus the first mode accounts very well for the vertically integrated heat content and volume transport, respectively.
Contributions from the higher modes cancel out over the water column. The east component transport is not so easily accounted for. While the first mode (near surface currents) accounts for part of the transport variations, it takes all of the first three modes to track the data.
HIGHER-FREQUENCY VARIABILITY
The velocity component and temperature data contain fluctuations over a broad range of frequencies. Given 2.7 years of continuous data, allowing for relatively high resolution in the frequency domain while maintaining enough degrees of freedom for statistical inference, the purpose of the present section is to investigate whether or not specific narrow-band processes exist in the upper equatorial ocean. If so, they may appear as coherent peaks in the cross spectra between the horizontal velocity components and between these velocity components and temperature. Such a finding would imply that the ocean responds in a resonant manner to external forcing or that the forcing itself is narrow band.
Three measures of coherency and phase were calculated using the data of [1955] were the first to suggest that meridional advection of vorticity in the presence of an eastward zonal pressure gradient force could account for the EUC. Cane [1980] expanded upon this idea by arguing that the speed of the EUC should be independent of the pressure gradient magnitude since it sets just the rate at which fluid converges on the equator and not the conversion of vorticity from planetary to relative. Our finding of relatively constant core speed supports this fundamental nonlinear EUC theory.
Before concluding that the EUC core speed is observed to be independent of pressure gradient magnitude, however, we point out that the annual pressure gradient variations at the depth of the EUC core are considerably smaller than those inferred from surface dynamic topography alone. Weisberg and Weingartner [1986] showed that the isopycnal slopes, when integrated downward from the surface, buffer the pressure gradient variations at the depth of the EUC.
SUMMARY
A description of temperature and currents over the upper 200 m at 0 ø, 28øW has been presented based upon 2.7 years of surface moored current meter data obtained in conjunction with the Seasonal Response of the Equatorial Atlantic Experiment. These data are a subset of a larger but shorter duration array. The thermocline evolved over a distinct annual cycle in response to the surface easterly wind stress and the vertical position of the Equatorial Undercurrent core tracked the thermocline. This combined cycle replicated over the 3 years of record. Speed at the EUC core was relatively constant over the annual cycle in support of fundamental nonlinear EUC theory. EUC transport variations, however, were more complicated and were related in part to near-surface current variations. Higher-frequency north velocity component oscillations appeared to be annually modulated.
When averaged over 2.7 years, the north component mean values at this location were not statistically different from zero. The east velocity component means were comparable with previous EUC profiles. Directly on the equator the South Equatorial Current was rarely established at 10-m depth. It developed for short duration immediately upon the seasonal intensification of easterly wind stress in springtime but was highly variable, and it abruptly halted in the wake of accompanying instability waves in spite of continued and strong easterly wind stress. This finding is supported by previous surface moored current meter data sets from the equatorial Atlantic Ocean. Locally, the surface wind stress does not appear to be the controlling element for the surface currents on the equator in the central Atlantic.
A preliminary analysis of the velocity component and temperature coherences suggested that vertical advection of eastward momentum in the presence of large mean shear contributes to the higher-frequency east component fluctuations. Ellipse stability was also generally below significance level over the broad band of frequencies associated with equatorially trapped inertia-gravity waves.
